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論 文 内 容 要 旨
AccordingtoIntergovernmentalPanelonClimateChange4thActivityReport(IPCCAR4),surfacetempera-
tureinEastemSiberiawilincreasearound2oCin2020-2029and6oCin2090-2099.Thesesurfacetempera-
turenslngareObviouslylargercomparedwithotherregions.Notonlypredictedfutureenvironmentchange
butalsopresentenvironmentalchanginglSalreadyreportedbyresearchersonEastem Siberia,suchaswater
surfaceexpandingordeforestationwithincreaslngOfforestfireaequency.Alasisthelaststageof
thermokarstdepression,whichismadebyrepetitionof丘eezingandthawinggroundsoil.Ingeneral,Alas
consistsofgrasslandandwatersurfacein centerandittakes10,000yearsforformation,however,water
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surfaceexpanding,whichisrecentlyreported,isquiterapiderthan itsformation.Ontheotherhand,fromme-
teorologlCalstandingvleWPOints,landsurfacestatecanbedescribedusingparameterssuchassurfacealbedo,
evaporativeefficiency･Thuswhenlandsurfacechange,theseparametersvaryandwater/energybalancealso
variesatthesametime･Moreover,accordingtopreviousstudyonwaterrecyclingratio,morethan 60% of
precipitationsourceissuppliedbyevapotransplrationfrom landsurfaceandthistrendbecomesstrongerin
Eastem SiberiathanWestem Siberia.Thusitisnecessarytoinvestigatewaterandenergyfieldchangewith
eachlandsu脆ceparameterchangebasedonparameterimpactinEastem Siberia.An0血erprecipitation
source,whichis40% ofprecipitation,ismaintainedbywatervaporadvected丘omocean.Ingeneral,water
vaporfluxandprecipitationareaffectedbytopography.Eastem Siberiaissurroundingbythreemountain
ranges:Verkhoyanskmountainrangeinnorthpart,DzhugdzhurmountainrangeinSoutheastpartandStanovoy
mountainrangeinsou也part.InEastem Siberia,也erelationshipbetweenprecipitationandmountainranges
isstilnotclearbecauseatmosphericstudyusingthree-dimensionalatmosphericmodelhavenotbeencon-
ducteduntilnow.
Thisthesishastwoobjectives:
1)tomakeclearwaterandenergyfieldchangewithlandsurfacechange
2)tounderstandrolesofthreeEastem Siberiamountainrangesonwater丘eld.
Num ericalexperimentiseffectivemethodtosatisfytheseobjectives.Non-HydrostaticModelthatisdeveloped
byJapanMeteorologicalAgencyandMeteorologicalResearchInstitute(JMA-NHM)isusedinthisstudy.The
outlineofthemodelfocusedonlandsurfaceprocessandprecipitationprocesswasdescribedinChapter2.
InChapter3,firsttopiciswaterandenergyfieldresponseforeachchangeoffivelandsurfaceparameters:
surfacealbedo,evaporativeefficiency,rouglm esslength,heatcapacity andthermalconductivity.Considering
landsurfacechangeismainlyoccurredinlowelevationarea,parameterchangewasconductedforlessthan
250mabovesealevel(a.S.1.)area.Parameterimpactisdefinedasarea-averagedlatentheatfluxvariationor
precipitationvariationforparametervariation,Surfacealbedoandevaporativeefficiencyhadlargerparameter
impactamongfivelandsurfaceparameters.Ontheotherhand,roughnesslength,heatcapacity andthermal
conductivityhadlowerparameterimpactonwaterandenergy
fieldinEastem Siberia.
SecondtopicofChapter3istomakeclearhowwaterandenergyfieldchangewith landsurfacechange
inEastem Siberiabasedonparameterimpact.ConsideringAlasareadistributesalmost20% oflowlandCen-
tralYakutia,waterandenergyfielddiferencebetweengrassland20% runandwatersurface20% runwas
analyzed.Here,landsurfacedistributionofgrassland,waterslrfaceandoriginalisdenotedas(G,W,0).For
example,distributionofgrassland20%,watersurface0% andoriginal80% canbewritenas(G,W,0)
-(0.2,0.0,0.8).Therewaslinearincreaseoflatentheatfluxwithwatersurfaceexpanding丘.om(G,W,0)
-(0.2,0.0,0.8)to(0.0,0.2,0.8)anddegreeoflatentheatfluxincreasewas1.2W m12(2.4%).Tounder-
standwhatparameterplayedimportantroleforthisresult,eachlandsurfaceparameterefectwasestimated
fromparameterimpactandparameterchangeinLenabasinscale.Accordingtoparameterimpactresult,sur-
facealbedoandevaporativeefficiencyareimpactfulparameteronwaterandenergyfield.However,Surface
albedowasnoteffectiveparameterforwatersurfaceexpanding,becausedegreeofactualsurfacealbedo
change(101006)wasnotsolargecomparedwithothersurfaceparameters.Surfacealbedohashigherparameter
impact,butitsactualparameterchangewaslowervalue･Thusitdidnotbecomeimpactfulparameter･Similar
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discussioncanbedoneforthermalconductivity,actualparameterchangeofthermalconductivitywassecon-
darylargervalueamongfivelandsurfaceparameters(+0.I15Wm-IK-I).However,parameterimpactofther-
malconductivitywassecondarylowervalue.Lowerparameterimpactandhigheractualparameterchangewas
foundforthemalconductivity,therefore,italsodidnotplayimportantrolewithwatersurfaceexpanding.On
theotherhand,evaporativeeficiency,whichwaslargerparameterimpact,hasone-orderlargeractualparame-
terchange(+0.049)thansurfacealbedo.Thuswaterandenergyfieldchangewithwatersurfaceexpanding
wascontroledbyevaporativeefrlCiency.
Usingparameterimpactandvirtuallandsurfacedata,Wecanestimatewaterandenergyfieldchangeinre-
glOnalscaleinordertounderstandnotonlywatersu血ceexpandingbutalsodefbrestation.Latentheatfhx
increasedby0.lWml2from (G,W,0)-(0.2,0.0,0.8)to(1･0,0.0,010),however,itwas0.5Wm-2丘om
(G,W,0)-(0.2,0.0,0.8)to(0.0,0.2,0.8).Althoughlateronewasjustonly20%landsurfacechange,
thelatentheatchangewasfivetimeslargerthanalunder250ma.S.I.areawascoveredbygrassland.Thus
landsurfacechangetograsslanddoesnothavestrongImpacttOWaterandenergyfield,butlandcover
changethatcontainswatersurfaceenl1anCeSlatentheatfluxstrongly.
InChapter4,focuslngpointismovedtorelationshipbetweenprecipitationandthreemountainrangesin
Eastem Siberia:Verkhoyanskmountainrange,DzhugdzhurmountainrangeandStanovoymountainrange.
StartingpointofthischapterisforestsurveyinElgeeisite(relativelysouthinLenabasin)anditscompari-
sonwithSpasskayaPadsite(350kmnorthwestfromElgeei).Averagedtreeheightandmaximumtreeheight
tooklargervalueinElgeeisite,thusitwasthoughtthatsouthem Siberiawasfavorableenvironmentfortree
growth,suchasmuchprecipitation.Accordingtoroutinestationdata,muchprecipitationinsouthem Siberia
wasfoundnotonlyrelationbetweenElgeeiandSpasskayaPadbutalsooveralEastem Siberia.
Precipitationandwatervapornuxhavestrongrelationshipeachother,thuswatervapornuxbudgetwasin-
vestigatedf♭rEastemSiberia.Takingbudgetboxencircledwi血lineof590-7loNand1160-138oE,main-
streamofverticalintegratedwatervapornuxwasinflowthroughwest-sideandoutflowthrougheast-side,net
nuxthroughsouthandnorth-sideswereone10rdersmalerthaneastandwest-sides･Thistrendbecamedifer-
entwhennetfluxseparatedintoincomlngandoutgoingcomponent;incomlngandoutgoingwatervaporflux
throughsouth-sidewaslargeasmuchaswatervaporfluxthroughwest-side.ThereisStanovoymountain
rangeinJustsouthofthebudgetbox,thereforewatervaporfluxandprecipitationmaybeafectedbythe
mountainrange.NotonlyStanovoymountainrangebutalsoothertwomountainranges,Verkhoyanskmoun-
tainrangeandDzhugdzhurmountainrange,arelocatedinEastem Siberia.Thereforesensitivityexperimentof
mountainrangedisappearancewasconductedtomakeclearrolesofmountainrangesinEastem Siberia.
Averagingfrom l10oto140oE,itwasfoundthatVerkhoyanskmountainrangehadlitleefectonprecIP1-
tation.PrecipltationdecreasewasOl2rm daylwith200-400mtopographyexcavation,itwasaroundhalfof
othertwomountainranges.Thissmalprecipitationchangewascausedbylowerspecifichum idity,whichwas
O･0003toO･0004kgkg-Ioververkhoyanskmountainrange,however,ltWas0･004toO･006kgkg-Lover
StanovoymountainrangeandDzhugdzhurmountainrange.Relativelylowprecipitationsourcewasexistover
Verkhoyanskmountainrange,thusitsimpactwassmaler也ano也ertwomountainranges.However,whenwe
focusedon133oEcross-section,relativelyhigherspecifchumidity CouldnotkeepinLenabasinwithout
Verkhoyanskmountainrange.Thismoisteningwasnotfoundin620NcrossISeCtion,Verkhoyanskmountain
rangemoistensLenabasinfわreast-westdirection.
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DzhugdzhurmountahrangehadlargerprecIPltationdecreasethanVerkhoyanskmountainrangewithitsdis-
appearance.Themaximum decreaseareawasfoundinsouthem edgeofDzhugdzhurmountainrangearea.
Specifichumiditytookhighervalueinsouthem area,thusitsimpactonprecipitationwaslargerthan
Verkhoyanskmountainrange.Moreover,precipitationdecreasedareawasgoodagreementwithelevationde-
creasearea,thereforeprecipitationoverDzhugdzhurmountainrangewasmaintainedbyorographicalefect.
Stanovoymountainrangehadsimilarprecipitationdecreasewithitsdisappearance,whichwas0.4mmday'.
BothEastem andwestem edgesofprecipitationdecreaseareahadcorespondedtoelevationdecreasearea,
however,precipitationofsaddlepartdidnotdecreaseevenifthesaddleparthadbeenremoved.Incontrol
run,thereweretwoprecipitationpatemsassociatedwithStanovoymountainrange:lowpressurepatemand
Bontalprecipitationpatem･Lowpressureprecipitationpatem passedoverthesaddlepartin controlrun,
however,itdidnotdisappearinnoStanovoymountainrangerun.ThuseastemandwestempartofStanovoy
mountainrangeisorographicalefectprecipitationareaandthesaddlepartisnon-orographicalprecipitation
areasuchaslowpressurepatem.
ThisthesispresentedwaterandenergyfieldinEasternSiberiabasedonair-landinteractionuslngthree-
dimensionalatmosphericmodel(JMA-NHM).ManystudieshavebeenconductedinEastem Siberiafrom
1990S,notonlyobservationalstudiesbutalsomodelingstudieswasdevelopedwith corporationeachother.
However,asproblemsofobservationalstudies,limitedobservationalsitescanbepointedout;formodeling
studies,litletreatmentofinteractionbetweenlandsurfaceandtheatmosphere.Evapotranspirationfromland
surfacebecomessourceforprecipitation,thereforewatermovementbetweenlandsurfaceandtheatmosphere
shouldbetreatedformodelingstudy.BecausethisthesiscoversEastem Siberiainreg10nalscaleandtreats
thatinteraction,webelieveournewfindingswilaccelerateEastem Siberiastudiesnotonlymodelingstudies
butalsoobservationalstudies.
Atlast,Iwouldliketopointoutthreeissuesformoreprogressofthisstudy.Firstpointiscolaboration
withwatersurfaceexpandingmodelonatmosphericmodel.InChapter3,latentheatfhxchangewithIand
surfacechangewasshown aspossibility,butlandsurfacechangeshouldbeexpressedexplicitlyforfuture
prediction.SecondpointisalsoconcemedtoChapter3,improvementofinitialandboundaryconditonis
neededforcalculation.Watersurfaceexpandingmayoccurinfuture,thusnotonlymodificationoflandsur-
facemodelbutalsoimprovementofatmosphericconditionsuchasinitialandboundaryconditionthatiscal-
culatedbyGlobalCirculationModelwithglobalwarmingSCenarioisneededforfutureprediction･Thirdpoint
istointroducecarboncycletonumericalmodel.Waterandenergy丘eldwerefocusedinthisstudy,butcar-
boncyclewasnottreated.Tocapturewaterandenergycycle,tointroduceofcarboncycleshouldhelpmore
preciseunderstanding.Forexample,photosynthesis,thisoccurswithtransplration,afectsnotonlywaterand
energycyclebutalsocarboncycle.Thusconsideringandintroducingcarboncycletonumericalmodelsuch
asJMA-NHM shouldhelpusforunderstandingwater,energyandcarboncycleinEastem Siberia.
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論文審査の結果の要旨
東シベリアは温暖化の影響を強く受ける地域として注目されている｡しかし,これまでの同地域の研究
は,いわゆるプロットスケールの観測と1次元モデルを基礎とするものが中心で,大気モデルを使った水 ･
熱循環や陸面 ･大気相互作用に関する研究はほとんど行われてこなかった｡吉田龍平提出の論文は,東シ
ベリアにおける水 ･熱循環に関する大気の数値モデルを用いた研究である｡
まず,水平格子5kmの気象庁非静カモデルNHM を用いて,この地域の地表面蒸発散 (潜熱)を規定
する要素は何かを調べた｡一般に,数値モデルにおいては,地表面の性質は地表面パラメータと呼ばれる
もので記述される｡本論文ではアルベド (日射の反射率),蒸発効率,粗度,熱伝導率,熱容量の5つの
地表面パラメータに対する敏感度を算出した｡その結果,蒸発効率とアルベドが蒸発散を規定することを
示した｡続いて,近年報告されている水体面積の増加や森林減少のような地表面状態の変化が,水環境に
及ぼす影響を地表面パラメータに対する敏感度を用いて調べた｡結果として,森林面積が変わらず,草地
が水体化しても蒸発散 ･降水量への影響は少ないことを示した｡一方,森林面積が減少して水体が増える
と,蒸発散 ･降水量に顕著な影響が生じることを初めて明らかにした｡
次に,東シベリアを囲む山脈が水循環に与える影響について調べた｡東シベリアへの夏季の水蒸気供給
は西からの寄与が大きいが,南側でも正味は小さいものの水蒸気の出入りは大きいことを再解析データに
より明らかにした｡水蒸気の流入と蒸発散,降水についてレナ川流域を囲む北 ･東 ･南の山脈の果たす役
割について,1990年 6-8月を対象として,水平格子30kmのNHMによって調べた｡北のベルホヤンス
ク山脈と東のジュグジュル山脈は地形効果による降水が支配的であること,南のスタノポイ山脈は東西部
分では降水が多くこれは地形効果で説明できるが,中央の鞍部は低気圧による非地形的な降水が寄与して
いることを見出した｡
本論文は東シベリアの水 ･熱循環の理解を大きく前進させ,近未来予測の信頼度を格段に向上させるも
のであり,本人が自立して研究活動を行うに必要な高度の研究能力と学識を有することを示している｡し
たがって,吉田龍平提出の博士論文は,博士 (理学)の学位論文として合格と認める｡
-221-
